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Error for the correction of the surfaces reflectances
3D geometrical model
of the real scene
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pE[`NPSf¦|4§¨´QTdIpISR¡ []Nj_n[	S ¤ o£S2«fºSf_n¡so£dm2ce2S
_¯o]NPd2^£[pISto]aR^]clI[]cldhY/dh	[`NPS$ceYj ¤ [!pP_n[`_¯_hYjpD[]NPSJ^`SRYpISR^`ceYjmo]dn¾[x_n^`S![]Nj_n[(	STNj_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_hYjp$[`NPSo£-SBa ¤ ¡s_n^ad2Q6-dhYjSRY\[o]SR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¨ clYj_n¡l¡lµhkhºdhYjmS[	_h¡9«C> UhUD'pISBo`a^`c   SBpT_QTSR[]NPdIp6[]N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p$adhQT ¤ []S4[`NPSz^`S¢SBab[i_nYjaRSBo>dh
[`NPS!o ¤ ^]ª_haRSBoclY¯[]NjSj_n^][zdh>[]NPS6o]aRSRYPSclYI¢ ¤ SRYjaRSBp   µ[]NPcso4clYjo]SR^][]cldhY²«,IzS!a^`SB_n[]Stp¯_$mhSBdhQTS[`^]csaR_h¡
U2§<QTdIpISR¡²dh[`NPclozj_n^][dn []NPSo`aSBYPSJ¥ªaB_n¡l¡eStpJ[`NPS  !
  ; <8<68©kj_nYpaB_n¡sa ¤ ¡s_[`SBpQ$_nY ¤ _n¡l¡lµ$[]NPS^`Sg
¢SBab[i_nYjaRS4j_h^`_hQ6SR[]SB^`o>dh_n¡l¡j[`NPSzQTdIpISB¡eStp$d   wxStab[ioR« _2aiN$dn[]NjS¦|4§¨j_n^i_nQTS[`SR^iov_n^`SzaiNj_hYPmhStp
  µT[`NPS ¤ o£SB^ce[]SB^`_n[]clhSB¡eµ ¤ Y\[]cl¡'[]NjS^`SR^`SRYpISR^`SBpTclQ$_nmhS   SBad2QTSBoa¡ld2o]SzSBYPd ¤ m2NJ[`d([`NPSdh^`cem2ceYj_h¡jd2YPSh«
 ¤ S[_n¡G«> U2vD>P^`dh-d2o]SBp{_ad2Q6j¡eSR[]STo£d2¡ ¤ [`ced2Y{¬d2^z[`NPST^]StadhSB^]µdnv[`NPSTo ¤ ^]ª_haRSBo¦|4§¨½¬^]d2Q _
o]j_h^`o]S	o]S[>dnceQ$_nm2SBoaR_hI[ ¤ ^]Stpce[]NT_aB_nQTSR^i_(¥¬[x	SB¡e2S	dhj[`NPS=.L0zceQ$_hmhSBo SR^`Sv[i_n¼hSBY!o]Stace³aR_h¡e¡lµ
[`dm2S[>o£-SBa ¤ ¡s_n^ NPcem2NP¡lcem2N2[io dhY!o ¤ ^]ª_haRSBoi©b«+MNjSRµ  P¤ cl¡e[A04^i_hpIcs_nYaS Q$_hjo+¬dh^ []NPSSBo£[]clQ$_[`ced2Y(dn[]NPS
^`S¢SBab[i_nYjaRS!_n^i_nQTS[`SR^io_hYjp{[`NPS$ad2Q6 ¤ [`_n[]cldhYdnv[`NPS$^`_2pIcs_nYjaRSgG[]dng PceISR¡clY\[]SBYjo£ce[]clSBoaRdhYqhSB^`o]cldhY
 ¤ Yjab[`ced2Y¥9aR_hQ6SB^`_z[]^i_nYox¬SB^ ¤ Yjab[`ced2Y©C> vD « ¸o£clYPm_nYTclQT_hmhSRg   _2o£StpQTdIpISR¡lceYjmo£dh¾[x_h^]So ¤ aiN$_2o 

=8,> DGk2_U2§ mhSRd2QTS[]^`csaR_n¡\QTdIpISR¡IdhP[]NPSo`aSBYPS_2o  P¤ ce¡e[>¬^]d2Q []NPSo]S[dn-ceQ$_nm2SBoB«+}z¡e¡q[`NPSBo]Spj_[`_
SR^`S[]NjSRY ¤ [`ce¡lc.-RSBp[`dJ^`SBad2SR^[`NPS!¦|4§¨°dh>[]NPS(Q6dIpISB¡eStp¯o ¤ ^£ª_2aSBoB«MNPSRcl^zQTSR[]NPdIpQTceYjceQTc.-RSBp
[`NPSSR^`^`dh^dhY6[]NjS4j_n^i_nQTSR[]SR^io dn-[]NPSº/_n^ip ov_nYjclo]dn[`^]d2Pcla¦|4§¨EQTdIpISR¡)> UADP[]dStox[`ceQ$_n[]S[]NjS   Stox[
-d2o`o]c   ¡lS4¦|4§¨E¬d2^vSB_2aiNTd   wxStab[B«MNPcsovdh^`¼_hov_hPP¡lceStp6[]d[]NjSzclYjo£SB^£[`ced2YTdn'YPSR d   wxSBab[iovclYT[]NPS
o`aSBYPShkh[]d[`NPS4QTdIpIce³aR_n[]cldhY$dn'[`NPS4cl¡e¡ ¤ QTceY_[]cldhYJaRdhYjpPc®[`ced2Yjov_nYp6[]d[`NPS4^`SRYjpISB^]clYPmdh_YjSR½o]aRSRYPS
¤ YjpISR^YjdhSR¡qclSR-dhclY\[`oB«!I4dSRhSB^Bk\[`NPclo4Q6SR[]NPdIpdhYj¡eµJdh^`¼Ioc®>_[4¡lSB_2ox[dhYjSo]-SBa ¤ ¡l_h^NPcem2NP¡lcem2N2[
csoqclo]c   ¡eSd2Y_hYd   wxSBa[B«	¶z[`NPSR^`clo]S[]NPcsod   wxSBab[4csoo]ceQ ¤ ¡l_n[]Stp_2oSB^£¬Stab[zpIc=H ¤ o£S2«
d2o`ad\oSR[!_n¡G« > hD P^`dh-d2o]SBp_Q6SR[]NPdIp   _2o£StpdhY±_nY/dh^`clmhclYj_n¡cspISB_¬^`dhQ&}4¡s_nclY/¨jd ¤ ^`YPclSR^ >lRGDG«
MNjSRcl^_h¡em2dh^`c®[`NPQ ^]Stad2SR^io[]NjSpPcJH ¤ o]S^`S¢SBab[i_nYjaRSBo dn[]NPSo ¤ ^]ª_haStoclYjo]clpPS_o]S[>dnjjNPdn[`dhmh^i_njNjodh
_6o`aSRYjShk\[`_h¼\clYPm6ceY\[`d6_2aRad ¤ Y\[ [`NPS[]Sq[ ¤ ^]Stodn²[`NPSd   wxStab[`o¥¬St_haiNo ¤ ^]ª_haRSN_ho []d   S ¤ Yjo]Nj_2pId	Stp
clYJ_[v¡lSB_2ox[vd2YPSclQT_hmhSdh[`NPSzo]S[i©«>MNPSRµT_nPj¡eclSBp![]NjSRcl^>[]StaiNPYPcs· ¤ Shk2[]dclYjo£SB^£[ ^`SRQTdhSd   wxSBab[iov_nYp
[`dQTdqpPc®¬µ6[]NjS4¡eclmhN\[`ceYPmaRdhYjpPc®[`ced2Yjovdh[`NPSzd2^]clmhclYj_n¡Po`aSBYPS¥¬clYjo]SR^][]cldhY$dh_YjSR ¡eclmhN\[	o]d ¤ ^`aRS	¬d2^vSqg
_hQTP¡eS©b«y¯dh^`S^]StaSBY2[`¡eµ2k ²d\o]aRd2o S[ _h¡9«C> hUDPSq[`SRYjpIStp![]NPcso[]StaiNPYPcs· ¤ S   µ!^]SBQTd\clYPmz[]NPS4aRdhYjo£[]^i_nclY\[
dh>[]NPS ¤ Yjo]Nj_hpPd	Stpo ¤ ^]ª_haRSBoB«zMdceQTP^`dhS[`NPS(^`SBo ¤ ¡e[`oBkj[`NPSRµ[`^`_hYjox¬d2^]QTStp[]NPSBce^^]SR¢jSBa[`_hYjaS^`Sg
aRdhSB^]µ_n¡lmhd2^]ce[]NjQ<ceY\[]d_hY!ce[]SB^`_n[]clhSP^`dqaRSBo`oR« I4dSR2SR^tk[]NPSQTS[`NPdIp!^`SRQ$_hceYPStp(¡lclQ6ce[]Stp![]d-SR^]¬SBab[






"]    & & 3@& (&|&0)$'&)(! 2(60'; & % +>($':"&M3; &)$!&
56698 $À   Ä Å+ Ã ¬! Ä +  % Ä #%;: % %     P  Ä
,T«P_[]d{_hYjp ,T«²WZ¼hS ¤ aiNPc]> nD	pPSBo`a^`c   SBp/_nY/_n¡lmhd2^]ce[]NjQ­¬dh^[`NPS$^]SR¢jSBa[`_hYjaST^`SBad2SR^`µ¯dn_nY/clo]dng
¡s_[`SBp¯d   wxSBa[z¬^`dhQ _fo]ceYjmh¡lSceQ$_hmhS!_hYjp{_JU2§m2SRd2Q6SR[]^`claB_n¡+Q6dIpISB¡+dh>[]NPcsod   wxStab[B«MNPSRµ¯_hPP¡lceStp
o]dhQTSad2Yjox[`^`_hceY\[io d2Yf[`NPS¡eclmhN\[o£d ¤ ^`aRS-d2o]ce[]cldhY_hYjpf[]NPSaR_hQTSR^i_j_h^`_hQ6SR[]SB^`oB«+WZY_hpjpIc®[`ced2Y²kq[]NjSRµ
o]clQ6j¡ece³jSBp¯[]NPS6Md2^]^i_nYjaRSgxqj_h^]^`d´^`S¢jStab[]cldhY¯QTdIpISB¡9«MNPcloz_µ2kj[`NPSRµStox[`ceQ$_[`SBp¯o]SRj_h^`_n[]SB¡eµ[]NPS
pPcJH ¤ o]SaRdhQT-dhYPSBY2[$_nYp±[]NjSo]-SBa ¤ ¡l_h^TaRdhQT-dhYPSBY2[6[]d^`SBad2SR^([]NPS ¤ YPce¬dh^`Q ^`S¢jStab[i_nYjaRSfdn[]NPS
o ¤ ^]ª_haRSh«
y{dh^`Sf^`SBaSBY\[]¡lµhk>Wb«vI_[`dESR[T_h¡9« > nDP^`dh-d2o]SBp[`dD^`SBaRdhSR^[]NPS¦|4§¨dnz_nY d   wxStab[tk ¤ o£clYPmD[]NPS
o]Nj_2pId4omhSBYPSR^i_[`SBp   µ([]NPSo ¤ ^]ª_haRSBodh[`NPSzo`aSRYjSh«MNPSRµ ¤ o£StpT_o£clYPmh¡lSdhQTYPcspIcl^]Stab[`ced2Yj_n¡IclQ$_nmhSdh
[`NPSSRYqqce^`dhYjQ6SBY\[_nYp_6Uh§ mhSBdhQTS[`^]csaR_h¡-pPSBo`a^`ceI[`ced2Yfdh[]NjSo ¤ ^]ª_haRSBoB« MNPSBµJpISR2SR¡ldh-SBp_Ang o£[]SB
ce[]SB^`_n[]clhS_n¡lmhdh^`ce[]NPQ&[]dQTceYjceQTc.-RS[]NPSSR^`^`dh^   S[xSRSBY°[`NPS^]St_n¡_nYjp []NPS¯o]µ\Y\[`NPS[`claceQ$_hmhSfce[]N
^`SBo]-SBab[[`dT[]NPS¦|4§¨°j_h^`_hQTS[]SB^`o	dn []NjSo ¤ ^]ª_haRSBoB«
56675 $À   Ä Å+ Ã ¬!  % Ä  #%;: % %    I  Ä 
¶ ¤ ^4_nPP^`d2_2aiN   SR¡ldhYPm\o[]dT[]NjcloaB_[]SBmhd2^]µ2«
} PcldhYPSBSR^`ceYjm4	d2^]¼clY[`NPclopId2Q$_nclY_2o+aRdhQTP¡lS[`SBp   µ¨Pd ¤ ^`YPceSB^+SR[_h¡9«E>eBvDIceYB2hUP«kI4SP^]d2d\o£Stp
[`d^`SR^`SRYjpISB^v_nY$d2^]clmhclYj_n¡IclQ$_nm2S ¤ o£clYPm(_(Uh§´^`SRj^]Sto£SBY2[i_[`ced2Y!dh-[`NPSzo`aSBYPS(¥¬clYjaR¡ ¤ pPceYPm[]NPS4-d2o]ce[]cldhYjo
dh[]NPSJ¡lclmhN\[(o£d ¤ ^iaSJ_nYp[]NPSfaB_nQTSR^i_j_n^i_nQTSR[]SR^ioi©_nYjp/_{o]ceYjmh¡lS$ceQ$_nm2S$dn[]Njclo!o]aRSRYPS2«}z¡e¡	[]NPS
o ¤ ^]ª_haRSBov_h^]S4aRdhYjo]clpPSR^`SBpT_ho SB^£¬Stab[pPcJH ¤ o]Shkq_nYjp6[`NPSRµ ¤ o]SBp6[`NPSRcl^ ^`SRP^`dnwxStab[`ced2Y6d2YT[]NPSz^]St_n¡jclQ$_nm2S
[`dStox[`ceQ$_n[]S	[]NPSBce^^`S¢jStab[`_hYjaStoR«+} ^i_hpPced\o£ce[xµ\g   _2o£Stp_n¡lmhdh^`ce[]NPQ []NjSRYTadhQT ¤ []SBo _nY!ceQ$_hmhS_nPP¡lµqceYjm
[`NPSBo]S^]SR¢jSBa[`_hYjaSto[]d$_6P^]d2mh^`SBo`o£clhS^`_2pIcld2o]c®[xµT[`SBaiNPYPcs· ¤ S> D²[]dTd   [`_hceY_6YPSR o£µqY\[]NjS[]csaclQT_hmhS2«
}zY$Sq[]SBYjo]ced2Y$dn'[]NPSP^`SRqced ¤ o>QTS[`NPdIp$_hovpISBhSB¡ed2Stp   µ6§z^`S[][`_h¼\csovSR[_h¡9«C>e2D «MNjSRµ6P^]d2d\o£Stp
_hY½ceY\[`SR^i_hab[`ce2S{hSB^`o]cldhY dn[`NPSEclYPce[]cs_n¡j_n-SR^_nYjp´_2pPpIStp´_±qclo]cldhY´_n¡lmhd2^]ce[]NjQ ¬d2^J[]NjSDaR_hQTSR^i_
aB_n¡lc   ^`_n[]cldhY_hYjpf[]NPSU2§<mhSBdhQTS[`^]csaR_h¡-QTdIpISB¡²_ ¤ [`dhQ$_[`cla-d2o]c®[`ced2YPceYjmj«vMNPSBµfpISBo`a^`c   Stp_$o]¡eclmhN\[`¡eµ
pPcJH'SR^`SRY\[6[]SBaiNjYPcl· ¤ S¬dh^6[`NPSStox[`ceQ$_n[]cldhY°dh4[]NjS^`S¢SBab[i_nYjaRSBo(dnz[`NPSo ¤ ^]ª_haRSBo6_nYjp []NPSBµ ¤ o]SBp°_
NjceSB^`_h^`aiNPcsaR_h¡I^`_2pIcld2o]c®[xµ6_n¡lmhdh^`ce[]NPQ >etD-[]d(aRdhQT ¤ [`S_YPSB´o£µqY\[]NjS[]csaclQ$_nmhSa¡ld2o]S[]d([]NPS^]St_n¡Pd2YPSh«
}zY _hPP^`d2_haiN o]clQ6cl¡s_n^6[]d/¨Pd ¤ ^]YjceSB^!SR[T_h¡9«  o6_ho6aiNPd2o]SRY°ceY > BDG«°W [6clYja¡ ¤ pIStp _{¬SRStp   _hai¼/[`Nj_[
aRdhQTj_h^]Sto[`NPS^]St_n¡ceQ$_hmhS[]dD[]NPS¯o]µ\Y\[`NPS[`cladhYjSh« ~_hm2_n¡ldcsa - > BWDzpISBo`a^`c   SBp _{[`SBaiNPYjcl· ¤ S[]d
m2SRYPSB^`_n[]S_6YPSR o£µqY\[]NjS[]csaceQ$_hmhS¬^]d2Q _$o]ceYPm2¡eSd2YPS$¥¬SPaRSRI[[`NPSUh§ m2SRdhQTSR[]^`claB_n¡'QTdqpPSR¡GkPNPcsaiN
_ho  P¤ cl¡®[+¬^]d2Q´[xdzox[`SR^`SRdclQ$_nmhSto`© ¤ o£clYPmz_hYc®[`SR^i_[]clhS>QTSR[]NPdIp[`Nj_[QTclYPclQ6c.-RSto[`NPS SB^]^`dh^   S[xSRSBY
[`NPS^]St_n¡\ceQ$_nm2S_hYjp[`NPSo£µqY\[]NPSR[]csa d2YPSh« I4dSR2SR^tkB[`NPcso[`SBaiNPYjcl· ¤ Sclo ¡lceQTce[]Stp[`d_ ¤ ^`S	¡s_nQ   SB^£[`cl_hY
_hPP^`dIceQ$_[`ced2YJdn []NjSo ¤ ^]ª_haRS^`S¢SBab[i_nYjaRSBoB«
  %4 + (     +(      	
 ] " 
 5,& 0e36+-0'( 0!2 (60 "{7
MNjS(clYP ¤ [iozdhvd ¤ ^^]SR¢jSBa[`_nYaS^`SBaRdhSR^`µf_h¡em2dh^`c®[`NPQ _h^]S!o£SBj_n^i_[`SBpceY\[`dJ[xdfaR_n[]SRm2dh^`ceStoRkj[]NPS6Uh§
m2SRd2Q6SR[]^`claB_n¡ QTdqpPSR¡>dn	[]NPS$o`aSBYPS$_nYjpD_o]clYPmh¡lS!clQ$_nm2S!dh []Njcloo`aSBYPS$aR_nP[ ¤ ^`SBpEc®[`N/_o£[`_nYpP_n^ip
k Ov6y
  bvW G 	
,
e
aB_nQTSR^i_P«MNPcsoQ6SR[]NPdIpEclo   _2o£Stp¯dhYE[]NPS6Sq[]^i_ha[]cldhY{dhv[]NjS!d   wxSBa[^`S¢jStab[i_nYjaRSBo¬^`dhQ [`NPS6Pc®ISB¡lo
aRdhSB^]Stp   µJ[]NjSP^]dhwxSBa[]cldhYfdh+[`NPSBo]Sd   wxStab[ioceY[]NjSceQ$_nm2S$¥ª_hopPSBo`a^`c   SBp¡l_n[]SB^ceY¯o]SBab[`ced2Yq©b«
¸o£clYPmz_o]clYPmh¡lS>ceQ$_hmhS>[`d4^]Stad2SR^_n¡l¡n[`NPS o ¤ ^£ª_2aS>^`S¢jStab[i_nYjaRSBodh\[`NPS o`aSBYPSv^i_ncso£Stpo]SR2SR^i_n¡P^`d   ¡eSBQTo
^`SR¡s_[`SBpf[]dT[`NPSmhSBdhQTS[`^]csaR_h¡Q6dIpISB¡_nYpJ[`NPS(o]c-BSdh+[`NPSP^`dnwxStab[`ced2Yfdn []NjSd   wxStab[ioceY[]NjSceQ$_hmhSh«
¨ cl^`o£[>dn'_n¡l¡9k[`NPSR^`S_n^`SmhSRYjSR^i_n¡l¡eµ_¡edh[>dno ¤ ^]ª_haRSBo+[]N_[v_n^`SYPdn[vpIcl^]Stab[`¡eµqcso£c   ¡lSceY6[]NjS^`SB_h¡IceQ$_hmhSh«
W [cloz[]NjSRYESRq[]^`SRQTSR¡lµpPcJ< a ¤ ¡®[$¥ªo]dhQTS[`ceQTStozclQTd\o]o]c   ¡eS©[]dad2Q6 ¤ []S([]NPSBce^^]SR¢jSBa[`_hYjaSto   StaR_ ¤ o£S
YjdceYP¬dh^`QT_n[]cldhYTcso __ncl¡l_   ¡lS_   d ¤ [v[`NPSRQ«vMNPcsovcso>YPdh[ ceQT-dh^][`_hY2[	c®[`NPS4-d2o]c®[`ced2Y$dn'[]NPSzd   o]SR^`hSB^
csoYPSBhSR^>aiNj_hYPmhStp«)Izd	SBhSR^tkc®[vcso ¤ o ¤ _n¡\[`dQTdIpIce¬µ[]Njclo>-d2o]ce[]cldhY(Sto£-SBaRcl_h¡e¡lµclY6_ ¤ mhQTSBY2[`SBp(^]St_n¡lc®[xµ
_hPP¡lclaB_[`ced2YjoR«MNPSR^`S¬d2^]S2kS$ceY\[]^`dIp ¤ aRST[]NPS$YPdh[]cldhY/dn ? 9
  dhd   wxSBa[`o_hYjp/o ¤ ^£ª_2aSBoB«fMNPSto£S
? 9
 ,;o]Stace¬µ([`NPSd   wxStab[iov_nYjp![`NPS4o ¤ ^£ª_2aSBoNjclaiNTNj_2S	[`NPSzo`_nQTS^]SR¢jSBa[`_hYjaSP^`dh-SR^][]clSBoB«+MNjclo
cso(_EhSB^]µEª_ho£[!Q$_nY ¤ _h¡ dh-SR^i_[`ced2Y/¡eSR¾[([]dE[]NPS ¤ o]SR^!_n¾[]SB^(dh^6p ¤ ^`ceYjm¯[]NPSmhSBdhQTS[`^]csaR_h¡vQTdqpPSR¡lceYPm
j^]dIaSto]oB«!¨jdh^SRI_hQTP¡eS2kceY³jm ¤ ^`STPk[]NPS  ^]StpDa ¤P  S&²_hoQTdIpISR¡lSBp_ho_hYEd   wxSBab[aRdhY\[`_hceYPclYPmo£ce
j¡l_hYj_n^o ¤ ^]ª_haRSBozNPclaiNENj_hS[`NPSTo]_hQ6S(^]SR¢jSBa[`_nYaSP^`dh-SR^][]clSBoB«¶ ¤ ^^`S¢jStab[i_nYjaRS(_n¡lmhd2^]ce[]NPQ cl¡e¡
[`NPSRY ¤ o]Sz[`NPcsopISBo`a^`ceP[]cldhYJ[`d!j^]d2j_nm\_[]S4[]NPSSBo£[]clQ$_[`SBp^]SR¢jSBa[`_nYaS4¬^`dhQ [`NPS[]NP^`SRSqclo]c   ¡eSª_haRSBo
dh[`NPSa ¤P  S[]dT[`NPS[]Nj^]SBSdh[]NPSB^dhYPStoR«
MNjclo ?9  YPdn[`ced2Y°dn¾[`SRY o£d2¡e2SBo[`NPS¯o£Stad2Yjp±QTdIpISR¡lceYjmDP^`d   ¡eSBQ&NjclaiN ad ¤ ¡lp±N_nP-SRY p ¤ ^`ceYPm
[`NPS^]SR¢jSBa[`_nYaSEStox[`ceQ$_n[]cldhY²« WZYjpPSRSBp²k4[]NjS_h^]St_°ad2SR^`SBp   µ []NPS/P^`dnwxStab[`ced2Y½dn!o]dhQTSEd   wxSBa[`o
clY []NPS^`SB_n¡clQ$_nmhSad ¤ ¡sp   S[]dqd±o£Q$_n¡l¡[]d/mhclhS_mhdqdIp°_hPP^`dqclQ$_[`ced2Y±[]d[]NjS^`S¢SBab[i_nYjaRSdh
[`NPSBo]SJd   wxSBa[`oB«MNPSB^]SR¬dh^`Shkce[]NjS ¤ o]SR^wxd2ceYjo[]NPSto£SJd   wxSBa[`oce[]N±dh[]NPSB^`oNPclaiN±N_hS6[]NPSo]_hQTS
^`S¢SBab[i_nYjaRS!_hYjpE_   cem2mhSB^P^`dnwxStab[`ced2YE_n^`SB_$clY{[`NPS6^]St_n¡ ceQ$_nm2Shkce[   SBaRdhQTSBo-d2o`o£c   ¡lS([`dd   [`_hceYE_
  S[][]SB^_hPP^`dIceQ$_[`ced2Y¯dn	[]NPSBce^^`S¢jStab[`_hYjaS2« I4dSRhSB^Bk'cev[]NjSR^`S6_h^]S!YPddh[]NPSB^   cem2mhSB^d   wxSBa[`oBk'_
2SR^`µ^`d ¤ mhN{_njP^]dIclQ$_[]cldhY¯dh>[]NPS6^`S¢jStab[`_hYjaS(ce¡l¡   STad2Q6 ¤ []Stp¬dh^[]NPSto£S6o£Q$_h¡e¡ d   wxStab[ioRk_nYp
[`NPST^]Sto ¤ ¡®[`ceYPmceQ$_hmhS6QT_µ   S   cl_2o£Stp«(MNPcsoP^`d   ¡lSRQ csoceYjNPSR^`SRY\[ceY_n¡l¡>ceQ$_nm2Sg   _ho]SBp^`SRYpISR^`ceYjm
QTSR[]NPdIpPo>FBqk²U2Ik²2PkhqkhUIkvRjk>hnk+BDvNPcsaiN ¤ o£S6[]NjSJ_n^`SB_adhSB^]Stp   µ¯[]NjS$P^]dhwxSBa[]cldhYEdh_hY
d   wxSBa[clYD[]NPST^`SB_n¡ clQT_hmhS![]dpIS[`SR^`QTceYPSTce[`o^`S¢jStab[`_hYjaS2« 4SB^]2SR^][]NPSB¡eSto]oBk_hod ¤ ^QTS[`NPdIp ¤ o£Sto_
¬SBSBp   _hai¼![]NP^`d ¤ m2N6[]NPSadhQTj_h^]cso]dhY   SR[x	SBSRYT[`NPSz^`SB_h¡j_nYjpfo£µqY\[]NPSR[]csaclQT_hmhS2k   cs_ho cload2Yjo£cspISB^`_   ¡eµ
^`SBp ¤ aStp«
 ] #"  & & 3@& (& 0	,&): & (
 * &k3@& * &$ ( +-7{36+-0'(
¨jdh^[`NPSj_2ox[o]SR2SR^i_n¡'µhSt_n^ioRkq[`NPS(aRdhYjo£[]^ ¤ ab[`ced2Ydhv_$Uh§<m2SRdhQTSR[]^`claB_n¡QTdIpISR¡¬^]d2Q_$o]ceYPm2¡eSclQ$_nm2S
d2^_$o£SR[dh clQ$_nm2SBoNj_ho   SRSBYclpISB¡eµfceYqhStox[`cem\_[`SBp_nYjpclo¼qYPdY_ho 4  ?%8;<8!=4 %=8  4.6@?{¥ªo]SRS
> D+¬dh^4_nYd2SR^`\clSR dn []NPSto£SQTSR[]NPdIpPoi©b«	WZYclQ$_nm2Sg   _ho]SBpfQ6dIpISB¡eclYPmkP[]NjSUh§<m2SRdhQTSR[]^`claB_n¡QTdIpISR¡
cso  P¤ ce¡e[zclY2[`SR^i_ha[]clhSR¡lµ ¤ o]clYPm  4 ; 7 89
6   oG  !Q6dIpISB¡eSB^B«MNPS-d2o]c®[`ced2YPclYPmTdn[]NPS ¤ ¡e¡ Uh§
m2SRd2Q6SR[]^`claB_n¡\QTdqpPSR¡Idnj³jm ¤ ^`S4[`dqdh¼_n^`d ¤ Yjpo]c®(Njd ¤ ^io+[]d   Sad2QTP¡eSR[]S2knceYa¡ ¤ pIclYPm[]NPS^`SBad2SR^`µdh
[`NPS4aR_hQTSR^i_zj_h^`_hQTS[]SB^`o _nYp([`NPS¡eclmhN\[ o]d ¤ ^iaSto d\o£ce[]cldhYjoB«+M	µqPcsaR_n¡l¡lµhk¬d2^[]NPS4aB_nQTSR^i_z_n^i_nQTS[`SR^io
S ¤ o£S[`NPS{§zSBQTSRY\[]NPd2Y _hYjp §_qcso>lBvD[]SBaiNjYPcl· ¤ S¯aRdhQ   ceYPStp°ce[]N _±qclQ6j¡eSR°QTceYPclQTc-t_[`ced2Y
QTSR[]NPdIp >lBDG«>MNPS¡eclmhN\[o]d ¤ ^`aRSBovN_hS   SRSBYJQTdqpPSR¡lSBpf_hPP^`dIceQ$_[`SR¡lµ¥   StaR_ ¤ o£Sdn[]NjSRcl^aRdhQTP¡lS
m2SRd2Q6SR[]^`µP©²_nYp[]NjSRµNj_2S   SRSRY!P¡s_haStpQ$_nY ¤ _h¡e¡lµc®[`N6_P^`SBaRclo]ced2Ydn @naRQn«>¶ ¤ ^PNjdn[]d2QTS[]^`csa
^`SBaRdhSB^]µQ6SR[]NPdIpEclo   _ho]SBpEdhY¯[`NPS ¤ o£S!dn º/_n^ip oz^`S¢SBab[i_nYjaRS(QTdIpISR¡ > UAD «ºDSTaiNPd\o£S([]NPSTo]_hQTS
¦|4§¨¯QTdIpISR¡I_2oE> UhPk2D   SBaB_ ¤ o]S	dhjce[`o>o]QT_h¡e¡qY ¤ Q   SB^ dhjj_h^`_hQ6SR[]SB^`o _nYjp(c®[io>_   cl¡lc®[xµ[`do]ceQ ¤ ¡s_[]S
 ij/TY-S_XO\







_hYPcso£dh[]^`dhPcsao ¤ ^]ª_haRSBoB«MNPcso²QTdIpISR¡2dhYP¡lµz^`SB· ¤ cl^`SBo'[`NPSv¼qYPd¡lSBpIm2S dhq³jhSv_n^i_nQTS[`SR^io-¬dh^_aRdhQTP¡lS
¦|4§¨CK !>[]NPS¯pIc=H ¤ o£S¯^`S¢SBab[i_nYjaRShk  @$[]NPS{o]Sta ¤ ¡s_n^T^`S¢jStab[i_nYjaRShk [`NPS¯_nYPcso]dn[]^`dhqµ±pIcl^]Stab[`ced2Y
¥9aR_h¡e¡lSBp6[`NPS 9  ;8!= =49 84  6© _nYjp6[`NPS_hYPclo]dn[`^]d2Pcsa^]d ¤ mhNPYjSBo`o>j_n^i_nQTSR[]SR^io
	_nYpT¥9o£SBS > UAD
¬d2^z_JpISR[`_hce¡lSBp¯pISto]aR^]clI[`ced2Ydh[]NPcsoz¦|4§¨ Q6dIpISB¡s©«¨ ¤ ^][]NPSB^]QTd2^]S2kP[]NjclozQ6dIpISB¡+_2dhcspPo[]NPS6ad\ox[`¡eµ
aRdhQT ¤ [i_[`ced2Ydh[]NjS¨P^`SBo]YPSR¡[`SR^`Q NPcsaiNNj_ho   SRSBY^`SRj¡l_2aSBp   µf_TYPdh^`Q$_n¡lc-t_[`ced2YJª_ha[]d2^B«
¨ clm ¤ ^`S66KWQ[]ldfY'aP/Q,jY"Qd \f[,QgYepk\ TX ThXWYC`hiWlY-j^lGa`h\ T\faOaP \ Th`%j^Y-S"aOW`TjiSUTY-mgY-a[]Y-Tj^\fSqQd []a
mY-d=\fO
pkXW\ ThY
º½NPSBY[]NPS$Uh§ m2SRd2Q6SR[]^`claB_n¡ QTdqpPSR¡4¥¬d   wxSBa[`oBk²aR_hQ6SB^`__nYp{¡lcem2N2[o]d ¤ ^iaStoz-d2o]ce[]cldhYjoi©_nYjpE[]NPS
jNPdn[`dhQTS[`^]csaQTdqpPSR¡¥¬^`S¢jStab[`_hYjaStov_nYpT¡eclmhN\[	o]d ¤ ^iaStoceY\[`SRYjo]c®[xµP© _n^`S4pIS[`SR^`Q6clYPStpk2ce[ csov-d2o`o£c   ¡lS[]d
^`SRYpISR^_zo£µqY\[]NPSR[]csa>clQT_hmhS ¤ o£clYPmz_4aR¡l_2o]o]csaR_n¡h^]SBYjpISR^`clYPm4o£dh¾[x_h^]S>o ¤ aiN_ho=476<8E> UBD « WZY[]NPcso^`Sg
-dh^][Bk2	SpISR2SR¡ldh-SBpTd ¤ ^vdYT^]SBYjpISR^`clYPmo£dh¾[x_h^]SaB_n¡l¡eStp 8:6%46[]dd   [`_hceYJ_Njcem2NIgG-SR^]¬dh^`Q$_nYjaRS
aRdhQT ¤ [`ceYjm$dSR^_nYpf[`dT[`_h¼hS_hpI_hY2[i_nm2Sdh+[`NPSo]Stace³a_n^iaiNPce[]SBa[ ¤ ^`Sdn []NPS(Ice¡lclaRdhY{~^i_nPNPcsaRo
dh^`¼Iox[i_[`ced2Yjo ¤ o]SBph«  8:6%4Jcso	_(mh¡ld   _h¡jcl¡e¡ ¤ QTceY_[]cldhYo£dh¾[x_h^]S2«W [ad2Q6 ¤ []Stov[`NPSz¬d2^]Q ª_2ab[]d2^`o
dh+_6P^`dhmh^`SBo`o]ce2S^`_2pIced\o£ce[xµ$o£µIo£[]SBQ > GD ¤ o£clYPmT_Ah   c®[io}gZ¦ ¤ H-SB^ > UPktUD²Q$_nP-SBpfdhYSB_2aiNJª_haRSdh
[`NPSNPSBQ6csa ¤j  S >f@WD «>MNPclovceYjaR^]St_ho]SBo+[]NjS^]Sto£d2¡ ¤ [`ced2Y!dh-St_haiN!ª_haRSdn-[]NPSNPSBQTcla ¤P  S   µ!_ª_hab[`dh^>dhAh
ce[]N_YPSRm2¡eclmhc   ¡lSceYa^`SB_ho]S4clYJad2Q6 ¤ [`_n[]cldhYT[]clQTShkqce[]NJ^`SBo]Stab[v[`d(_aR¡l_2o]o]claB_n¡ F-g ¦ ¤ H'SR^o£dh¾[x_h^]S2«
y{dh^`SRdhSB^Bk!  8<6%4 ¤ o]SBo _hpI_nYaSBp#" )8:6%$'&{P^]d2mh^i_nQTQTceYjmz[`SBaiNPYPcs· ¤ SBo aR_n¡l¡lSBp !(; >9 8 8:69 8:6,=8<9
4.6@?[]d¯aRdhQT ¤ [`S![`NPS$clYjpIS  P¤ H'SR^io$¥¬dh^ 4 8
   )( 8:9:;>lhD¬©YPSBaRSBo`o]_h^]µ¬d2^[]NPSTSq[`^`_2ab[]cldhYDdn[]NPS
jc®ISR¡ clY2[`SRYjo]ce[]clSBo¬^]d2Q []NPS6dh^`cem2ceY_n¡clQ$_nm2S!_nYp[]NPSTo]µ\Y\[`NPS[`cla!dhYPS2«	_haiNEY ¤ Q   SB^clY{[`NPS6ceYjpPS
 j¤ H-SB^vclYjpIcsaR_[`SBo>SBc®[`NPSR^_mh^`d ¤ 6Y ¤ Q   SR^tkhd2^v_nY$d   wxSBa[vY ¤ Q   SR^tk2pISBSBYjpIclYPmdhY$NPSR[]NPSB^vSYPSRStp
[`d$adhQT ¤ []S[]NjS^]SR¢jSBa[`_nYaSdn>_!m2^]d ¤ dh^dn>_nYd   wxStab[t«
*,+bX\f`/p/aj^o]pbQ`kS"Qj^j\fY-m aiT aO Q.-!/ N  SUThQOY-N1032  x40'5 X!6r
k Ov6y
t  bvW G 	
,
e
   -  ( X"TR%R  '(
{ " #%$'&)(*$,+-&/.10!24365,& : $!0!( +-3*5;
MNjSTaRdh^`STdn	d ¤ ^[]StaiNPYPcs· ¤ STcloclYjaR^]SBQ6SBY\[`_n¡>_hYjpNPceSB^`_h^`aiNjclaB_n¡¥ªo]SRS6³jm ¤ ^]S$U2©«$W [cloclYjaR^]SBQ6SBY\[`_n¡
  SBaB_ ¤ o]S[]NPS4o ¤ ^]ª_haRS	^`S¢jStab[i_nYjaRSBo>_n^`SmhdhclYPm[]dSBhdh¡lhS	[]d[`NPSRcl^vdhP[]clQ ¤ Q_h¡ ¤ Sh« W [vcloNPclSR^i_n^iaiNPcsaR_h¡
  SBaB_ ¤ o]S[]NPSzmhSRYjSR^i_n¡I_n¡lmhd2^]ce[]NPQ¬dh^iaSBo [`NPS4o ¤ ^£ª_2aSto>¦|z§¨{[]d   S4QTdh^`S_hYjp6QTdh^`SaRdhQTP¡lS(ce'[]NPS
SB^]^`dh^   S[xSRSRYD[]NjS6^`SB_h¡>_nYjpE[]NPS$o]µqY2[`NPS[`cla6clQ$_nmhSTpIdqSBoYjdn[pISBaR^]St_ho]S(¬d2^[`NPSBo]S$o ¤ ^£ª_2aSBoB«!MNjclo
_h¡em2dh^`c®[`NPQ­csoc®[`SR^i_[]clhST_nYp{cl¡e¡vj^]dIaSBSBp{[]d¯o ¤ aRaSto]o]clhSTadh^`^`SBab[`ced2Yjodn [`NPS$o ¤ ^£ª_2aS6^]SR¢jSBa[`_nYaSBo
  µQTceYPclQTc-BceYjm$[]NPS!SR^`^]d2^   SR[x	SBSRY[`NPS(^`SB_h¡_nYjp[`NPS(o]µqY2[`NPS[`cla(ceQ$_hmhSh«WZYjpPSRSBp²kjSB_2aiN{ad2Q6 ¤ []Stp
SB^]^`dh^ ¬dh^_m2^]d ¤ Jdhd   wxStab[io	N_\clYPm([]NPSo`_nQTSzPNjdn[]d2QTS[]^`csazP^`dh-SR^][]clSBopI^`ce2SBo []NPSaRdh^`^]Stab[]cldhY$dh
[`NPSRcl^^]SR¢jSBa[`_nYaSh«¶ ¤ ^[]SBaiNjYPcl· ¤ S6o ¤ aRaSto]o]clhSR¡lµ_nPP¡lclSBoz[]NPS6o£SB¡eStab[]StpE_2o]o ¤ QTI[]cldhY¯d2Y¯[]NjS!m2^]d ¤ 
^`S¢SBab[i_nYjaRSBo ¤ Y\[]cl¡[]NPSSR^`^`dh^   SBaB_nQTSo£Q$_n¡l¡lSR^![]Nj_hY _ ¤ o£SB^£gZpISR³jYPSBp±[]NP^`SBo]NPdh¡sp« MNPSYPdh[]cldhY°dh
[`NP^`SBo]NPdh¡sp_hYjpNPd´[`dT³Pfce[`o_n¡ ¤ S[]d$m2ce2Sz[`NPSRQce¡l¡   SpIcso]a ¤ o]o]SBpclY[`NPSo]SBab[`ced2Y Aj«
ºSo£[`_h^£[![]NPS_n¡lmhd2^]ce[]NjQ ce[]N°[]NPS  8<9 #8 = 4 (   ;<8faR_ho]SJce[]NPd ¤ [$adhYo£cspISR^`clYPm¯[]SRq[ ¤ ^`SD¥¬[]NPS
pPcJH ¤ o]S	^`S¢jStab[i_nYjaRSvdnj_zmh^`d ¤ cso+aRdhQT ¤ [`SBp!_hSR^i_nm2ceYjm	[`NPS^`_2pIcl_hYjaStoaRdhSR^`SBp   µc®[ioj^]dhwxSBab[`ced2YclY
[`NPSz^`SB_h¡jclQ$_nmhS©b«}4¡l¡j[`NPSo ¤ ^]ª_haRSBo _h^]S4[]NPSBYfad2Yjo£cspISB^]Stp$_hov-SR^]¬SBa[]¡lµT¡l_hQ   SR^][]cs_nY²k\_nYjpT[`NPSzm2¡ed   _n¡
cl¡l¡ ¤ QTclYj_[`ced2YD^`SRYpISR^`ceYjmo]dn¾[x_n^`S¥  8:6%4EclYE[`NPcsoaR_2o£S©zaRdhQT ¤ [`SBo_nYDYPSR _nPj^]dIclQT_n[]cldhY{dh
[`NPSclQT_hmhS2« W  []NjSpIcJH'SR^`SRYaS   SR[x	SBSRY[]NjS^]St_n¡²_nYpJ[`NPSo£µqY\[]NjS[]csaclQT_hmhS¬dh^4_6m2^]d ¤ fcsomh^`SB_n[]SB^
[`Nj_nY½_³PIStp°[`NP^`SBo]NPdh¡sp dhY½_n¡l¡[]NPSEmh^`d ¤  P^`dnwxSBa[]cldhY²k	[]NjSRY []NjS¯^]SR¢jSBa[`_nYaSdn[]Njclo$m2^]d ¤  clo
aRdhYjo]cspISR^`SBp½_2o )8:9 #8;  8   9¬dh^[]NjSDYPSRq[^`SR^`SRYjpISB^]clYPm ce[]SB^`_n[]cldhY²« W xk_n¾[]SB^   8:6%4´Nj_ho
^`SBaRdhQT ¤ [`SBp_YPSRceQ$_nm2S ¤ o£clYPm[]NjS6YjSR _ho`o ¤ QTI[`ced2Y²k[`NPS$SR^`^]d2^z¬d2^[]NPcsomh^`d ¤ D^`SRQ$_nclYjo   clmjk
[`NPSRY±ce[`o(^]SR¢jSBa[`_hYjaS$cso(o]ceQ ¤ ¡s_[]Stp±_ho 6  6   8<9 #8 ; )8   9B«ºDS_nPj¡eµE[]NPSo]_hQ6S$j^]clYjaclP¡lS$[]d
aiN_nYPm2S!_nm\_nclY¯[]NjS6m2^]d ¤ E^`S¢SBab[i_nYjaRS[`d_ !   = 4 (  ;:846 = ;  8   9dhYjSh«(¸zY2[`ce¡[`NPSRYk_n¡l¡[]NPS
o ¤ ^]ª_haRSBo	SB^]STad2Yjo£cspISB^]Stp{ce[]NYPd^`d ¤ mhNPYPSto]oz[]SB^]Q ¥¬dhYj¡eµ{_   > _nYjpD_   @ SR^`S(Stox[`ceQ$_n[]SBp©b«6WZY
[`NPSzYjSq[_2o]o ¤ QTI[]cldhYk2ce²[]NjSpIc=H-SB^]SBYjaS   SR[x	SBSRY$[`NPS4[xdclQ$_nmhSto o£[]cl¡e¡-P^`dIp ¤ aSto   cemSB^]^`dh^ioBkn[]NjSRµ
_h^]SaRdhYjo]cspISR^`SBp_ho4clo]dn[`^]d2Pcla_hYjp¯_T^ ¤ mhd\o£ce[xµJª_2ab[]d2^(¥ ©N_ho[`d   S!SR_n¡ ¤ _n[]SBp²«MNjclo_ho`o ¤ QTI[`ced2Y
cso	Sq[]SBYjpISBpJ[]d6_nYPcso£dh[]^`dhPcsaP^`dh-SR^][]clSBo c®[]NPS ¤ o]SR^]g pISR³jYPStpT[]NP^`SBo]NPd2¡lpT¬d2^ [`NPSSR^`^]d2^vNj_ho	YPdh[   SRSBY
^`SB_2aiNPSBp²« W v_n¡l¡+_2o]o ¤ QTI[]cldhYoNj_hSª_hce¡lSBpk[]NjSmh^`d ¤ cso4o ¤ P-d2o]SBp[]d   S(Njcem2NP¡eµf[]SR\[ ¤ ^`SBp«4qclYjaS
d2YP¡lµ(_o£clYPmh¡lSclQT_hmhSclo __hce¡s_   ¡eS2kc®[ csoSq[`^]SBQ6SB¡eµ!pIcJ< a ¤ ¡®[_nYjp6o£d2QTS[]clQTSBoclQTd\o]o]c   ¡eS[`da^`SB_[`S_
aRdhQ   ceY_[]cldhY   S[xSRSRY6[`NPclov[]SR\[ ¤ ^`S4_nYjp6dn[`NPSR^ ^]SR¢jSBa[`_nYaSP^`dh-SR^][]clSBo4¥9_mh¡ld2o`o£µ[`Sq[ ¤ ^]Stp6o ¤ ^]ª_haRS
¬d2^SP_nQTP¡lSt©«>MNPclozo£ce[ ¤ _n[]cldhYclozpIclo`a ¤ o]o]SBpceYj_h^`_hmh^i_nPNfj«FBq«
{ #"  & $&80!27 &b(62& 3 +-"$& $ ",(62:& &$
¶YjS dnj[]NPSQTd2o£[o]ceQTP¡lS	aB_ho]SBo+dnj^`S¢SBab[i_nYjaRSBoclo+[]NjS )8:9 #8 = 4 (   ;:8vdhYjSh«+§ ¤ ^`ceYjmz[`NPS ³^`o£[+clYqhSR^io]S
^`SRYpISR^`ceYjm!ce[]SB^`_n[]cldhY²kj_h¡e¡'[`NPSd   wxSBab[iodn+[]NPS!o]aRSRYPS_n^`So£clQ ¤ ¡l_n[]SBp_ho-SR^]¬SBa[]¡lµpIc=H ¤ o£S2« }pIc=H ¤ o£S
^`S¢SBab[i_nYjaRSE¥  !>©cso[`NPSRY ad2Q6 ¤ []Stp/¬dh^6SB_2aiN±mh^`d ¤ ²k>_2o[`NPS_2SR^i_nmhSTdh4^`_2pIcl_hYjaSto(aRdhSR^`SBp   µ
[`NPSP^`dnwxStab[`ced2Ydh [`NPSm2^]d ¤ joclY[]NPSd2^]clmhclYj_h¡²ceQ$_hmhSh«MNPcso[]StaiNPYPcs· ¤ SclopIc=H-SB^]SBY2[z¬^]d2Q >lhnk+RvD
  SBaB_ ¤ o]SfSpPdDYPdh[!j_µ±_n[£[]SBY\[]cldhY [`d{[`NPSf[`Sq[ ¤ ^]Sdn[`NPSo ¤ ^]ª_haRSBoB«DW [Tclo6clY\[]SR^`SBo£[]clYPmE[]dEYjdn[]S
[`Nj_[o£d2QTS[]SR\[ ¤ ^`SBp{o ¤ ^]ª_haS(QT_µ   S!o]ceQ ¤ ¡s_[]Stp ¤ o]ceYjmf_J ¤ ^]S6pIcJH ¤ o]S(^`S¢jStab[i_nYjaRSf¥ª_2oo]NPdY¯clY
³m ¤ ^`SB\©k[]da^`SB_n[]S_mhdqdIp(qcso ¤ _h¡I_nPP^`dIceQ$_n[]cldhY²«MNjcloQTS[`NPdIp6clo2SR^`µpIcJH'SR^`SRY\[>¬^`dhQ >lhnkjRvD








( s =1.0, d=0.0)r r
Surface assumed to
be perfect diffuse
Surface assumed to be
non-perfect specular
( r rs <1.0, d=0.0) Non-perfect specular surface
Iterative correction of sr
Surface assumed to be
isotropic (rough)
( r r a
r r
s <=1.0, d<1.0, )
s + d<=1.0
Minimization on s, ar rd ,
Surface assumed to be
anisotropic (rough)
( r r
a a r r
s <=1.0, d<1.0,
x, y, x, s + d<=1.0)
Minimization on x, ya a
Surface assumed to be





Surface assumed to be
textured
( r rd (x,y)<=1.0, s=0.0)




Iterative correction of drComputation of error






Surface confirmed as diffuse
and non-perfect specular
Surface confirmed isotropic
Surface confirmed as anisotropic
Final Synthetic Image
Computation of the anisotropic
direction x  (brushed direction)
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Error image for the glossy surface
simulated as an isotropic one
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d2YjpPo	[]dJ_hY_n[£[`SRY ¤ _[`ced2Ydn []NPS(o]-SBa ¤ ¡l_h^^]SR¢jSBa[]cldhY²kj_hYjp[]NPcso4S
H-Stab[zcso4_h¡e_µIo
2SR^`µ!clQTd2^£[i_nY\[	clY$[`NPSpPce^`SBa[]cldhYJ-SR^`SBYjpIcsa ¤ ¡s_n^ []d![]NPS   ^ ¤ o£NjSBpJpIcl^`SBab[`ced2YE¥¬d2^_hYPcso£dh[]^`dhqµ!pIcl^`SBabg
[`ced2Y©b«WZYf_(o£StadhYpJox[`SR²k\Szad2Q6 ¤ []S_nYJclYjpISR  j¤ H-SB^ ¬d2^v[`NPclo	QTce^`^`dh^vdh_n¡l¡P[]NjSo ¤ ^]ª_haSto>qclo]c   ¡eS
[`NP^`d ¤ m2Nce[B«ºS[]NPSBY¯¡edqd2¼J¬dh^_T^]SR¬SR^`SRYjaRSo ¤ ^]ª_haRS[]Nj_n[4Nj_ho[]NPS   cem2mhSBo£[4^`S¢jStab[]cldhY¯_h^]St_!d2Y[]NPS
_hYPcso£dh[]^`dhPcsao ¤ ^]ª_haRShkPNjce¡lS   SBceYjmf_ho4aR¡ed\o£S_2o-d2o`o£c   ¡lS[]d$ce[B«MNPcloo ¤ ^£ª_2aScso[]NPSBY{o£SB¡eStab[`SBpclY_
o ¤ aiN6Q$_nYPYPSB^ []Nj_n[>[]NPS^i_[]cld }4^`SB_j¥ª^]SR¢jSBa[]Stpo ¤ ^]ª_haS©>	 
 csoQ$_IclQ6c.-RStp¥ªc®[`N$p²¥9'k u	©kn[]NjSS ¤ a¡lcspISB_hY
pPclo£[`_hYjaS   S[xSRSRY[`NPSJaSBY2[`SR^dh	mh^i_qc®[xµ¯dh	[`NPSJo]SR¡lSBab[`SBpo ¤ ^£ª_2aS$_nYjpD[`NPSJaSBY2[`SR^dh	mh^i_qc®[xµ¯dh
[`NPS_nYjclo]dn[`^]d2PclaQTce^`^`dh^b©b«vMNPSQTdn[`ce_n[]cldhYdn+[]NPcsozaiNPd2claRS^]Sto£cspISBoclY[]NPSª_2ab[[`Nj_[zo ¤ ^]ª_haStohSB^]µ
ª_h^¬^]d2Q []NjS_nYPcso£dh[]^`dhPcsad   wxStab[SINPc   ce[z_!^`S¢SBab[`ced2Y_[£[`SR^`Y[]Nj_n[cso[`d\d$o]Q$_n¡l¡dh^[]dqdTYPd2clo]µ$[]d
  S ¤ o]_   ¡eSz¬dh^ []NPS^]Stad2SR^`µdn[`NPS   ^ ¤ o]NPStpJpIcl^]Stab[]cldhY«+WZYf_[]NPcl^ipJox[`SR²k\[`NPS_hYPclo]dn[`^]d2qµ!pIcl^]Stab[`ced2Y
csoo]_hQ6j¡eStpEa^`SB_n[]clYPm  hStab[`dh^ioz_n^`d ¤ Yjp[]NjS!YPd2^]Q$_h¡[`df[`NPS6_hYPcso£dh[]^`dhPcsao ¤ ^£ª_2aS2«	_haiN{dhv[]NPSto£S
o`_nQTP¡lSBpDpIcl^]Stab[]cldhYopPS[]SB^]QTclYPST_pIcl^`SBab[`ced2Y{[`df[`^`_2SR^io£S([]NPS6SR^`^]d2^clQ$_nm2S6_hYjpEaRdhQT ¤ [`S([`NPS$_2g
SB^`_hmhSdn[`NPS(o£[`_nYpP_n^ipfSB^]^`dh^4pPSRqcl_n[]cldhYjozadhQT ¤ []SBpclY[]NjSSR^`^]d2^ceQ$_hmhSh«¨ ceYj_h¡e¡lµhkj[]NPS!_n¡lmhdh^`ce[]NPQ
o]SR¡lSBa[`o[`NPSpPce^`SBa[]cldhY¬dh^NjclaiN/[`NPclo!_hSB^`_hmhS6_h¡ ¤ SJclo[]NPSo£Q$_n¡l¡lSBo£[dhYPSE¥9o£SBS$³jm ¤ ^]S¯2t©«MNPS
³m ¤ ^`STt!o ¤ QTQ$_n^`c.-RSBo[`NPSad2QTP¡eSR[]SP^`dIaSBp ¤ ^]S2«
¶YaS6[]NPS_nYPcso£dh[]^`dhqµ{pIcl^]Stab[`ced2Y  N_ho   SRSBY±^]StadhSB^]Stpk²_¯qclQ6j¡eSRQTclYPceQTc.-B_n[]cldhY±_n¡lmhd2^]ce[]NPQ¹clo
¤ o£Stp[]dJStox[`ceQ$_n[]S[`NPS(^ ¤ m2d2o]c®[xµj_n^i_nQTSR[]SR^io 
	f_hYjp#q«M µqPcsaR_h¡e¡lµhk¬dh^z[]NPSTo]µ\Y\[`NPS[`cla(ceQ$_nm2SclY
[`NPS$¡ld	SB^^]clmhN\[(ad2^]YjSR^dn[]NPSJ³jm ¤ ^`S¯Rk²ce[[]dqdh¼Io @hc®[`SR^i_[]cldhYo_nYjp K D0[`d¯^]StadhSB^[]NPST ¤ ¡l¡
¦|4§¨±dh[]NjS_nYPcso£dh[]^`dhPcsazo ¤ ^]ª_haRSh«>MNPS_n¡lmhd2^]ce[]NPQ ¬d ¤ Yjp_nYdhI[`ceQ ¤ Q _hYPclo]dn[`^]d2qµ62SBa[]dh^¬d2^_
^`dn[i_[`ced2Y{_nYPm2¡eS!dn	pISRm2^]SBSBoz_hYjp¯[`NPSRYDQTceYPclQTc-BSBp{[]NPSTSR^`^`dh^ ¤ Yab[]cldhYDdnv[`NPS ¤ P-SR^¡eSR¾[aRdh^`YPSR^
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º½NjSRY/[]NjSJo£clQ ¤ ¡s_[`ced2Y/dn_¯o ¤ ^]ª_haRS$_ho_hYPclo]dn[`^]d2Pcsa!o£[]cl¡e¡	P^`dqp ¤ aSto   cem¯SB^]^`dh^ioceY/[`NPSJpIc=H-SB^]SBYjaS
clQ$_nm2ShkISj^]dIaSBSBpf[]d6[]SRq[ ¤ ^`SSq[]^i_ha[]cldhY²«






































































































































































































¨ clm ¤ ^`ST6K tj^jajZP=iOSUT\faO =`~O
TXYUT\fS]\f[,QgY  j^YqQd \f[,QgYUVP=ajZm\ Y-jY-OTCQOW\f`haT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¨ clm ¤ ^`S6B6K +bXY vj^`T)\f[,QgYJTal dfYUP=T  \f`/ThXWYeaj\fg\fOvQdaOY =jY-miWS"Y-m XY-j^YZThaEThXYe\fOTY"j^Y-`TkQj^YqQ _r +bXY OY TbP=aij
\f[,QgY"`kXvQ"uYEnGY"Y-O lj^a
miS-Y-mi`\fOg]ThXWYEP=aij `[,QdfdfY"`^T []\fOW\f[,Q'P=aiOm n~ TXYC[]\fO\f[]\ 6"Q}T\faO Qdfgaj^\ ThXW[ r  YCS"QO
`hY-Y)TXvQ}TQdfdvaPTXY-`hY)\f[,QgY"` QjYbP QjtP=ja[ TXYkaj\fg\fOvQdvaOWYJThXYbuY-j^T\fS"QdnWdFQS_oCdf\fOY)aOCTXYkp)X\ TY)na
ao =`hY-Y vgij^Y






































¨ clm ¤ ^`S2K%+)XWY `hY-dfY-SUThY-m,an ^Y-SUT/i`hY-m,XY-j^YkTaEj^Y-S"a"uY-jThXY QO\f`haTj^al
~,m\fj^Y-SUTh\faO{\f`tTXYku\fadfYUTnGa
ao aPTXY dfa"p/Y-j
dfY-PJTej^Y"Qd \f[,QgY'aP vgij^Y x-yr +bXY. `ij PRQS-Y =dfY-PJTe\f[,QgYk`Xaqp)`ZTXY Y-jj^aj'\f[,QgY'P=ajZThXWY m\ Y-jY-OS-Y]nGYUTp/Y-Y"O
ThXYklGY"j P=Y"SUTb`lY-S-idFQj/j^Y vY-S-T\faOQjY"QEaPThXW\f`/`hY-dfY-S-TY-manY-SUT"VQOm,\ T`S-ajj^Y-`hlGaOm\fOWg]QjY"Q'\fO ThXY jY"Qd\f[,QgYr +)XWY
0 S"iWj^uY =j^\fgX
T  `hXa"p)`ZThXYCQ"uY-jQgY]aP TXYC`^T_QOmQjmY"j^j^ajemYUuW\FQ}T\faO`eS-a[]liWTY-m P=j^a[ TXYEY"j^j^aj'\f[,QgY'QdfaOg







Index buffer of the surfaces

















































Rendering of the surface supposed to be anisotropic
as a perfect specular surface, and extraction of the
area from the synthetic image
Computation of the index buffer of the surfaces
reflected on the perfect mirror. Selection of the
surface for which the ratio of its reflected area
on the mirror divided by the distance between
its center of gravity and the center of gravity of
the mirror, is the biggest one.
Extraction of the surface
simulated as a perfect
mirror in the synthetic image
Extraction of the surface
supposed  to be anisotropic
i n t h e r e a l i m a g e
Computation of the error
image between the perfect
specu la r a rea and the
corresponding anisotropic area
Sampling of the brushed direction x around
the normal N to the anisotropic surface,
with respect to a rotation angle q
Computation of the standard
deviations on the error image
in the x direction
Selection of the x direction for
which the average of the
standard deviations is the
smallest. This vector x is the
or theanisotropy direction
brushed direction.
¨+clm ¤ ^]STt6K a[]liT_Q}T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[`SBaiNPYjcl· ¤ SP^`dh-d2o]SBp   µ > U2D¬dh^TSP_hQ6j¡eS2« Izd	SBhSB^BkSNj_2SJ[`dDSR\[`^`_2ab[![]NPcso![]Sq[ ¤ ^]SNPcl¡eS
[i_n¼qclYPm$ceY\[`df_haBad ¤ Y2[z[]NPS(ª_hab[z[]Nj_n[ce[_n¡l^]St_hpIµNj_hoz^]StaSBce2SBp[]NPS!SRYPSB^]m2µJ¬^`dhQ[]NPS(¡eclmhN\[o]d ¤ ^iaStoRk
_hYjp±[`Nj_[T[`NPSPc®ISB¡loTad2SR^`SBp   µ±ce[`oTP^`dnwxStab[`ced2Y ceY []NjS^`SB_h¡	clQ$_nm2SaRdhY\[`_hceY°[]NPcsoTceYP¬dh^`QT_n[]cldhY²«
¶z[`NPSR^`cso£S2kc®	S$o]SRYjpE[]NPSTSBYPSR^`mhµdn	[]NPS$¡lclmhN\[o]d ¤ ^`aRSBo[]d[]NPSto£S6[`Sq[ ¤ ^`SBo_hm2_hceY²k-[`NPSRµ{cl¡l¡   S
d2SR^]gGcl¡l¡ ¤ QTclYj_[`SBp«JMNjSR^`S¬dh^`Shk+	S$clY\[]^`dIp ¤ aS$NjSR^`SJ_YPdn[`ced2Y/aB_n¡l¡eStp 9@= 4 ; 4  8  9 8([]N_[   _h¡®g
_hYjaSto![]NPSSq[`^`_2ab[]Stp [`Sq[ ¤ ^]Sce[]N _nY ceY\[]SB^]QTStpIcl_n[]S[]SR\[ ¤ ^`SclY dh^ipISR^![]d/QTclYPceQTc.-RS[`NPSSR^`^]d2^
  S[xSRSBYE[`NPS$^`SB_n¡>_hYjp{[`NPSJo]µ\Y\[`NPS[`cla6clQT_hmhS2«6}o¬dh^[]NjS$SB^£¬Stab[pIc=H ¤ o]S$^`S¢jStab[`_hYjaSTaR_2o£S2k[]Njclo
clY\[]SB^]QTSBpPcl_n[]S[]SR\[ ¤ ^`Scso4aRdhQT ¤ [`SBp   µ_nYc®[`SR^i_[`ce2SQTSR[]NPdIp«
}[>[`NPS³j^iox[>ce[]SR^i_[`ced2Y²k[`NPS[]SR\[ ¤ ^`S ¤ o£Stp([`d^]SB^]SBYjpISR^ [`NPSceQ$_hmhSclo[`NPS[]SR\[ ¤ ^`S4pIce^`SBa[]¡lµSq[`^`_2ab[]Stp
¬^`dhQ[]NjS^]St_n¡²clQ$_nm2Sh«}[z[`NPS(o]SBad2Yjpce[]SR^i_[`ced2Y²kP[`NPS[`Sq[ ¤ ^`S ¤ o]SBp¯[]dJd   [`_hceY[]NjS(^`SBo ¤ ¡®[`ceYjmfo£µqYIg
[`NPS[`clazceQ$_hmhS4csovQ ¤ ¡®[`cej¡eclSBp   µ![]NPS^`_n[]cld   S[xSRSRYT[`NPSzYjSR¡lµ6SRq[]^i_hab[`SBp![]SRq[ ¤ ^`Szdh-[`NPcso	o]µqY2[`NPS[`cla
clQ$_nm2S_hYjp$[`NPS[]SR\[ ¤ ^`Sdh[]NjS^`SB_h¡'ceQ$_nm2Sh«>MNPcsoc®[`SR^i_[`ce2SP^`dIaSto]oox[`dhjoNjSRY[]NPS ¤ o]SR^]g pPS³jYPStp
[`NP^`SBo]NPdh¡sp¬dh^4[`Sq[ ¤ ^]Stp¯o ¤ ^]ª_haRSNj_2o   SBSRY{^`SB_2aiNPSBp²«MNPS([]SR\[ ¤ ^`SBo4dh[]NPS-d2o£[]SB^_hYjp[]NPS   dqd2¼qo
clY[]NPS^`SR^`SRYpISR^`SBpfceQ$_nm2SBodn>o]SBab[`ced2Y B(Nj_2S   SRSBYd   [i_nclYPSBp ¤ o]ceYjm![`NPcso[]StaiNPYPcs· ¤ Sh«
MNPSfP^]d   ¡lSRQ&dn[]NPcso(QTSR[]NPdIp/cso[]N_[(ce[!ad2QT ¤ []Sto(_[`Sq[ ¤ ^]S$clYja¡ ¤ pIclYPm¯[`NPSo]Nj_2pId4oRk[]NPS
o]-SBa ¤ ¡l_h^^]SR¢jSBa[]cldhYjo4_hYjp[]NPS(NPcem2NP¡lcem2N2[ioR«	M µqPcsaR_h¡e¡lµhkjo ¤ P-d2o]S[]N_[4SNj_hS_TQ$_n^   ¡lSBp¢jdqdh^d2Y
NjclaiN _{o]PNPSB^]Sfclo(^]SR¢jSBa[]SBp²«{MNPS$[]SRq[ ¤ ^`Sfdh[`NPcso¢jdqd2^ceY []NPSJ^`SB_h¡ clQ$_nmhST[`NPSRY°ceYjaR¡ ¤ pISBo([]NPS
Q$_h^   ¡lSaiNj_n^i_ha[]SB^]csox[`claBoRkqce[`o^`S¢SBab[i_nYjaRSj^]d2SB^£[`ceSto_nYjp[]NjSo£PNjSR^`S^`S¢SBab[`ced2YceYjaR¡ ¤ pIceYjm$c®[iodY
^`S¢SBab[i_nYjaRSzP^`dh-SR^][]clSBoB«eI4d½[`d!SRq[]^i_hab[[]NjSQ$_h^   ¡lSaiN_n^i_hab[`SR^`clo£[]csaRo	dhYj¡eµJ_hYjpJclYjpISBSBYjpISRY\[`¡eµJdh
[`NPS^]Stox[dnj[]NPSo`aSRYjS MNPcso clo_nY6Sq[`^]SBQ6SB¡eµNj_h^`p(P^`d   ¡lSRQkn_nYp!_2aRad2^`pPceYPm4[]d > U\WDPYPd_n¡lmhdh^`ce[]NPQ
N_ho   SRSRYP^`dh-d2o]SBpfµhSR[[]d$o£d2¡e2Sce[ ¤ o]ceYjmJ_6o]clYPmh¡lSceQ$_nm2Sh«
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¶ ¤ ^clYqhSR^io]S(^`SRYjpISB^]clYPmJj^]dIaStp ¤ ^`S(m2ce2SBoz[]NPS6dhP-dh^][ ¤ YPc®[xµ[`d_hYj_n¡lµ-RS[`NPST^]SR¢jSBa[`_hYjaStozdh	o£d2QTS
o ¤ ^]ª_haRSBo>[`Nj_[_n^`S4YPdh[pPce^`SBa[]¡lµTo]SRSBYJclY$[]NPSdh^`clmhclYj_n¡ceQ$_nm2Sh« WZYjpISBSBpkIce_(o ¤ ^]ª_haSclopISR[]SBa[]Stpf_nYp
aRdhYI³^]QTSBp¯_2o_JSB^£¬Stab[dh^zYjdhYIg SB^£¬Stab[o]-SBa ¤ ¡l_h^d2YPShk-	S6aR_hY¯Sq[]SBYjp¯d ¤ ^^`S¢jStab[i_nYjaRS^]Stad2SR^`µ
_h¡em2dh^`c®[`NPQ []dT[`NPSo ¤ ^£ª_2aSto [`Nj_[z_h^]So]SRSRY[`NP^]d ¤ mhNf[]NPcsoQTcl^]^`dh^clY[`NPS^`SB_n¡clQ$_nm2Sh«
¨ cl^`o£[dn_n¡l¡9k[]NPS$clYjpISR  P¤ H-SB^dn	[]NPSJm2^]d ¤ joqclo]c   ¡eS6[`NP^]d ¤ mhND[]NjSJQTce^`^]d2^_n^`S6aRdhQT ¤ [`SBp ¤ o]ceYPm
_^i_µ¯[]^i_haRceYjm_h¡em2dh^`c®[`NPQ«6W [`NPSR^`STSIclo£[`o(_o ¤ ^]ª_haRS6clY[]NPcsoclYjpISR  P¤ H'SR^[]Nj_n[_2oYjdn[qclo]c   ¡eS
  S¬d2^]STclY/[]NPS$^`SB_h¡>ceQ$_hmhShk[]NPSBY/c®[io^]SR¢jSBa[`_hYjaSTcsoad2Q6 ¤ []StpE[i_n¼qclYPm¯ceY\[`d_2aRaRd ¤ Y\[[]NjSJa ¤ ^`^]SBY\[
_2o]o ¤ QTI[`ced2YJQ$_hpISz¬dh^c®[io	m2^]d ¤ $^`S¢jStab[`_hYjaS6¥¾[`NPSo ¤ ^]ª_haRS4Nj_ho []NjSo`_nQTSzjNPdn[`dhQTS[`^]csa4P^`dh-SR^][]clSBo
_2oc®[io	m2^]d ¤ ©« WZY[]NjSYjSq[c®[`SR^i_[]cldhYk2[`NPcso	^`S¢SBab[i_nYjaRScso   _h¡l_hYjaStp   µ$[]NPSQTcl^]^`dh^^]SR¢jSBa[`_hYjaS6¥¬ce
ce[clo_!YPd2YIgG-SR^]¬SBa[dhYPS©bkP_nYpJce[4clo	[]NjSRY¯ad2Yjo£cspISB^]Stp$¬dh^[`NPSadh^`^`SBab[`ced2YJdn+[]NPSm2^]d ¤ f^`S¢jStab[i_nYjaRS
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